Abstract Detection of soil element deficiencies is time consuming, requiring a major commitment for field work and analysis. Bees concentrate some elements in their honey which could allow soil element concentrations to be predicted without having to take large numbers of soil samples. We measured 14 element concentrations in soil, sunflower, acacia flower and honey samples from two different regions of Hungary. Across sites, the elements with significant correlation coefficients between honey and soil concentrations, in descending order of probability, were Cu > Ba >Sr = Ni > Zn > Mn = Pb >As. Bioconcentration from soil to honey was similar for areas with acacia and sunflower flowers. In the macroelements, it was the greatest for K, S and P and least for Mg and Na, and in the microelements, greatest for B, then Zn, then Cu, then As, Mo and Sr and least for Fe, Ba, Mn and Pb. It is concluded that in acacia and sunflower-growing regions, honey can give an accurate estimate of soil element concentrations for Cu and Ba and provides relevant information for Sr, Ni, Zn, Mn, Pb and As.
Introduction
Honey is a natural substance produced by Apis mellifera from flower nectar and/or honeydew. Environmental conditions are favourable for honey production in Hungary, with 18,500 tons produced in 2013, and approximately 15,000 tons per year exported (FAOSTAT 2016) . The most important flowers used for honey production in Hungary are acacia, sunflower, linden, silk grass and oilseed rape.
Honey is a complex food and its properties depend on the botanical, environmental and postharvest conditions, including storage and extraction techniques (Pohl 2009 ). It has a low mineral content (0.1-0.2% in nectar honeys) that depends on the botanical origin, soil conditions and treatment, rendering it suitable as an environmental indicator (Almeida-Silva et al. 2011) . Soil is the main source of both essential and non-essential elements to plants, with uptake depending on soil properties, plant type and farming method. The soils and flowers have a major influence on the mineral composition of honeys, and the mineral profile of honeys can be used to determine the floral and geographical origin of honeys (Pohl 2009; Pohl et al. 2012) . Anthropogenic activities, e.g. smelting, mining, burning of fossil fuel and use of fertilizers, pesticides and transport, may also affect soil properties, which change trace element behaviour (Kabata-Pendias and Mukherjee 2007). As bees collect pollen from flowers in a large area, about 7 km 2 (Crane 1984) , honey potentially gives valuable environmental information from this area. This could obviate the need to take large numbers of soil samples to identify regional element deficiencies or toxicities. Determination of element content of honeys as a bioindicator has been studied by several authors, e.g. Conti and Botrè (2000) , Bratu and Georgescu (2005) , Rashed et al. (2009) , Pohl et al. (2012) , Bastías et al. (2013) , Al Naggar et al. (2013) . In these works, the element content of honeys, pollens or waxes were determined; however, they did not simultaneously examine the element content of soils and flowers from the honey collecting area. Al Naggar et al. (2014) measured the Cu, Zn, Cd, Pb and Fe concentrations in soil and flower samples and determined the transfer rates of these metals from soil to cotton and clover flowers; however, there have been no studies in which the bioconcentration factors have been determined from soil to honey.
The aims of this study were (i) to determine the element content of soil, flower and honey samples; (ii) to calculate the bioconcentration factors between the flower and soil, honey and flower, honey and soil; and (iii) to determine relations between the element content of soil, flower and honey.
Materials and methods

Sampling and sample preparation
Five-five soil, flower and honey samples were collected from five different regions of Hungary in 2015 (Table 1) . Two flowers that predominate in these regions are acacia (Robinia pseudoacacia) and sunflower (Helianthus annuus). Samples of acacia flowers, the soils in which they grew and acacia honeys were collected from one area of Békés County (No. 1) and two areas of Szabolcs-Szatmár-Bereg County (Nos. 2 and 3). Samples of soil in sunflower-growing regions, sunflower flowers and sunflower honeys (Nos. 4 and 5) came from two agricultural areas of Békés County. Soil of Szabolcs-Szatmár-Bereg County (Northern Hungary) is acidic and sandy, and Békés County (East Hungary) has alluvial meadow soil. Every collecting area was free from industrial activity and traffic.
The sampling of soil and flower samples was carried out during the bees' collecting time. In the case of soil samples, five samples were collected from every examined area at five randomly selected locations per hectare and from the top 15 cm of the soil. The size of sampling areas was five hectares, so the number of samples was 25 in each area. Samples were homogenized by areas and 1-1 kg of soil was used for element determination. Before the digestion, soil samples were oven-dried at 105°C for 5 h (Memmert UF 75 Universal Oven, Memmert GmbH + Co. KG, Schwabach, Germany) and then ground.
The sampling of flowers was carried out at the same locations as those used for the sampling of soils. Flower samples were oven-dried at 60°C for 12 h before digestion. For honey sampling, at each location, five hives were chosen randomly. Honey centrifugation from the hives was conducted separately for each collecting area, so at the end of centrifuging five honey samples were available. The sampling of honey samples (100 g) was carried out immediately after centrifuging from these five plastic barrels. In case of honey samples, the element concentrations were determined in the dry matter.
All samples were stored in sterile glass jars at room temperature before the analysis.
Determination of the content of elements All chemicals were analytical grade or better. Ultrapure water (18.2 MΩ cm) was used to prepare of solutions and dilutions produced by a Milli-Q water purification system (Millipore S.A.S., Molsheim, France). Nitric acid (69% v/v) and hydrogen-peroxide (30% v/v) were from VWR International Ltd. (Radnor, USA). The element standard solutions were prepared from monoelemental standard solutions (1000 mg L −1 ; Scharlab S.L., Barcelona, Spain).
The digestion of samples for element analysis was carried out according to the method of Kovács et al. (1996) . This method has been validated using animal and plant materials in our accredited laboratory (ISO/ IEC 17025:2005) . For 3-g plant honey samples and 2-g flower samples 10 ml, and for 3-g soil samples 5 ml, of nitric acid was added, and the samples were allowed to stand overnight. In the pre-digestion phase, the samples were heated at 60°C for 30 min (plant and honey samples) or 60 min (soil samples). After the samples had cooled, 3 ml hydrogen-peroxide (plant and honey samples) or 5 ml hydrogen-peroxide (soil samples) was added and the main digestion was carried out at 120°C for 90 min (plant and honey samples) or 4.5 h (soil samples). After digestion, ultrapure water was added to make a final volume of 50 ml. Samples were homogenized and filtered using qualitative filter paper (Sartorius Stedim Biotech S.A., Gottingen, Germany). The concentrations of potassium, magnesium, sodium, phosphorus and sulphur were determined by Inductively Coupled Plasma Optical Emission Spectrometer (ICP-OES) (Thermo Scientific iCAP 6300, Cambridge, UK Differences between elements were analysed by oneway analysis of variance with the statistical package Minitab, using Fisher's Pairwise comparisons test to compare means post hoc. Pearson's correlation coefficients and probabilities were calculated for flower/soil, honey/soil and honey/flower mean measurements at each of the five locations, after ascertaining that data was normally distributed by the Anderson Darling test.
Results and discussion
Macro, micro and trace element content of soil, flower and honey samples
The element concentrations of examined soil, flower and honey samples are presented in Table 3 . Analysing the macro element concentrations of soil samples, No. 1S sample showed the highest K, Na and S contents. The highest Mg and P concentrations were determined in No. 4S and No. 5S samples. Examining the mean macro element concentrations, K was present in the highest contents followed by Mg, P, S and Na. Examining the micro element contents, the lowest element concentrations were measured in No. 2S sample, and No. 3S sample showed similar low element contents, except for Mo that was at a high concentration compared to other samples. The highest As, B, Fe and Mn contents were determined in No. 1S sample, and No. 4S sample showed the highest Ba, Cd, Cu, Pb and Sr concentrations. For the other micro elements (Co, Cr, Ni and Zn), the highest contents were measured in the other sunflower soil sample (No. 5S). All of the soil samples contained Fe at the highest concentration and Mo and Cd were measured at the lowest contents. According to the mean micro element contents, Ba was the second most abundant element, followed by Mn, Zn, Cr, Ni, Cu, Sr and Pb. Concentrations of Co, As and B were less than 10,000 μg/kg.
Examining the mean macro, micro and trace elements concentration of soil samples, the sunflower soil samples showed higher element concentrations than acacia soil samples, except for Na, S and Mo; however, Table 3 Results of element contents of examined soil, flower and honey samples. For the county of origin for each sample, see . Note, we also found that, comparing the soils used for the growing of acacia and sunflowers, there were significant increases in the following elements in the sunflower soils, compared with the acacia soils: Cd (P = 0.005), Cr (P = 0.04), Cu (P = 0.02), Pb (P = 0.04), Sr (P = 0.04) and Zn (P = 0.04).
In Table 3 , the element concentrations of flower samples are shown. Examining the macro element concentrations No. 1F sample showed the highest Na and S contents, and the highest K and P concentrations were determined in No. 2F sample. No. 5F sample showed the highest Mg content. In every sample, K was present in the highest concentration and based on mean element contents P was the second most abundant element followed by S, Mg and Na. The highest As, Fe and Ni contents were measured in No. 2F sample and No. 3F sample showed the highest Cr, Mn and Mo concentrations. Sunflower flower samples showed the highest Cd, Pb and Sr (No.4F) as well as the highest B, Ba, Co, Cu and Zn (No. 5F) contents. Examining the sunflower flower samples more than 90 times Cd concentration was determined in these flower samples compared to acacia flower samples. Based on mean micro element concentrations, the most abundant element was the Fe followed by Zn, B, Mn, Cu, Sr, Ni and Ba. The concentrations of Mo, Cd, Cr, Co, As and Pb were under 1000 μg/kg. Comparing the two sunflower samples, the concentrations of Cr, Cu, Mo and Pb were very similar; however, No. 4F sample showed higher Cd and Sr concentrations than No. 5F sample. Comparing acacia flower samples, No. 1F samples showed higher Ba, Cd, Pb and Sr concentrations than the other two acacia flower samples. Higher B, Ba, Cd, Co, Cu, Pb, Sr and Zn contents were measured in sunflower flowers than acacia flowers (Table 4) ; however, significant differences (P value <0.005) between the acacia and sunflower flowers existed for B, Ba, Co, Cu, Fe, Mn, Pb, Sr and Zn contents. Examining the flower samples from two different soil types showed significant differences for P, Co, Cr and Mo (P = 0.02, 0.04, 0.002 and 0.007, respectively).
Examining the macro element contents of honey samples, K was present in the highest concentrations followed by P and S in all of the honey samples (Table 3 ). In the case of acacia honey samples, No. 1H sample showed higher K, Mg, Na and S contents than the other two acacia honey samples. No. 2H and No.3H acacia honey samples showed very similar K, Mg, Na and P concentrations. Examining the sunflower honeys, No. 5H sample showed higher macro element concentrations except for Mg; however, major differences were not detected between these two samples. Sunflower honey also tended to have lower P content, which together with the high K in all honey samples, and more in sunflower than acacia honey, confirms our previous studies (Czipa et al. 2015) . The macro element concentration orders were the following: Mg<Na<S<P<K for acacia honeys and Na<Mg<S<P<K for sunflower , respectively) concentrations than ours (Di Bella et al. 2015 , Chua et al. 2012 and Alqarni et al. 2014 . Fermo et al. (2013) found similar concentrations in Italian honeys to those of our samples, but they were not from acacia or sunflower. Oroian et al. (2015) also measured high K (554 and 849 mg kg ) and Na (690 ± 0 mg kg
) concentrations than ours (Nanda et al. 2003) .
Examining the micro element contents of honey samples, the Cr concentrations were under DL in every honey sample and Cd and Co concentrations were both under DL in acacia honeys (Table 3) . Micro element contents in No. 2H and No. 3H acacia honey samples were very similar. Acacia honey sample from Békés county (No. 1H) showed higher micro element concentrations than the other two acacia honeys from SzabolcsSzatmár-Bereg county, except for Mo. In the sunflower honey samples (No.4H and No.5H) , the concentrations of examined micro elements were similar; however, much higher B and Zn contents were measured in No. 5H sample.
Overall, honey from sunflowers had higher B, Ba, Cu, Fe, Pb, Sr and Zn contents and lower Ni than honey from acacia flowers; however, significant differences (P value <0.005) were determined only for Ba, Cu, Pb, Sr and Zn contents (Table 4) . In relation to micro and trace element content, B, Zn and Fe had the highest values. Mn and As concentrations were similar in both honey types, but Ba, Cu, Sr and Pb were all higher in sunflower than acacia honey samples. However, Mo and Ni contents were higher in acacia than sunflower honey samples. The micro element order was as follows:
Mo<Pb<As<Ba<Ni<Sr<Cu<Mn<Fe<Zn<B for acacia honey and Mo<Cd<Co<Ni<Pb<As<Ba<Sr<Cu<Mn<Fe<Zn<B for sunflower honey; thus, the order from Sr to B was the same. Oroian et al. (2015) measured higher Ba, Cr, Cu, Fe, Mn, Ni, Pb and Sr but lower As concentrations in acacia (28.0; 51.0; 1820; 19,390; 1720; 191; 62.0; 264 and 9 .00 μg kg ,) concentration in Italian honey samples. Examining the element concentration of sunflower soil and honey samples, the honey collected from soil with higher element contents also had higher element concentrations. In the case of acacia soil and honey samples, a similar tendency was observed, except for P, Mo and Ni concentrations.
Comparing the element contents of soil, flower and honey samples Combined with the soil, flower and honey samples confirmed that those from soils with high element concentrations showed high element contents for several examined elements. Because the element uptake and transport is influenced by soil properties and plant type, the samples were analysed separately for the different plant types. Examining the acacia samples, the flower and honey samples followed a tendency that was observed in soil samples, namely the flowers and honeys collected from soils with higher Mg, Na, S, Ba, Cu and Pb contents showed higher concentrations of these elements. In the case of K, Fe, Mn and Zn, the element content of flower samples did not follow the element content of soils; however, the honeys did showed a similar tendency. Flower samples had similarly high concentrations to soil samples in the case of Mo and Sr; however, honey samples did not follow this trend. In the case of P, the order of element content of flower and honeys samples was the same but soils showed a different order. In the case of As, B and Ni relations were not able to be determined. Examining the sunflower soils, the order of examined elements of soil, flower and honey samples was the same except for K, Mg, Ba and Fe. In the case of K, Mg and Fe, the element content of soil samples was followed by honey samples; however, the flower samples did not show this tendency. In the case of Ba, only the flower and honey samples showed the same trends.
From the BCF values of acacia and sunflower samples, it is evident that flower/soil values were greater than 1.00 for K, P, S, B, Cu, Mo, Ni and Zn (acacia) and for K, P, S, B and Mo (sunflower); BCF (honey/flower) values were less than 1.00 in case of all samples; BCF (honey/soil) values were higher than 1.00 for B in both samples (Table 5 Considering the samples together (five soils, five flowers and five honeys), the BCF (flower/ soil) values were greater for B, K, P, S and Mo than all other elements. The lowest values were determined for As, Co, Cr, Fe and Pb. BCF (honey/flower) values were the highest for B and As, then all the other elements, except Ni, which was lower than all of these and Cd, Co and Cr, which were not determinable. In the case of honey samples, the BCF (honey/soil) values were low (except B), thus the translocation of examined elements from soil to nectar (honey) was low. The BCF (honey/soil) values were the highest for B, then K, then all other elements, except Cd, Co and Cr, which were non determinable and P and S which were intermediate between K and the other elements. The BCF orders were very similar for acacia flowers and sunflowers.
Examining the results, there was little movement of Fe through the soil-flower-honey system. Since Fe can be bound to the cell wall of the root rhizodermis of root (Szabó 1998) , the translocation of this element from root to other organs (e.g. flower) is limited. Similarly, the translocation of two potentially toxic elements, Pb and As, was very low. The translocation of Mo was high between the soil and flower; however, this movement was very low to honey. The translocation of Mn and Ba was moderate in this system. In relation to micro elements, the two highest movements were for Zn and B.
Comparing the bioconcentration factors with elements as replicates, these were higher for flower/soil (mean 2.57) than honey/flower and honey/soil (means 0.098 and 0.038, respectively (SED = 0.816, P = 0.005). Table 6 shows the results of Pearson's correlation between elements of flower and soil, honey and soil or honey and flower system. The elements with significant correlations between honey and soil, in descending order of P value, were Cu> Ba>Pb>Sr=Ni>Zn>Mn>As. The elements with significant correlations between honey and flower, in descending order of P value, were Pb=Sr>Zn>Cu>Ba>Fe>B>Mo. The elements with significant correlations between flower and soil, in des c e n d i n g o r d e r o f P v a l u e , w e r e S>Cd>Ba>Pb>Cu>Co=Mo>Sr>Zn>Cr>Na.
Conclusions
In this study, 19 elements were measured in five-five soil, flower and honey samples (acacia and sunflower) from two Hungarian Counties (Békés and Szabolcs-Szatmár-Bereg County) and BCF values were determined using these samples. Soil samples were collected from unpolluted areas and our results showed low contaminant concentrations, with little bioconcentration in the case of Pb and As, and with Cd undeterminable due to low concentrations. The highest bioconcentration from soil to honey was for B, which was the only element in higher concentrations in honey than soil. K, P, S and Na showed higher bioconcentration than other elements. The strongest correlations between soil and honey were for Cu, Ba and Sr. The results have potential for detecting regional deficiencies in soil, for example as suggested by the correlation coefficients of 0.99 and 0.95 for Cu and Zn, respectively, since bees gather pollen from a region of about 7 km 2 , thus avoiding the need to take soil samples over large areas. High Pb and As (CC 0.98 and 0.88, respectively) concentrations in soils may also be successfully determined from their concentrations in honey, but this is yet to be confirmed in contaminated regions. In the literature, there are many studies about honey as a bioindicator; however, the examination of soils, flowers and honeys element content together is very rare. With this study, we are able to verify the relations among the element contents of honeys, flowers and soils.
